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ABSTRACT 

The pressure decrease in the spacecraft modules of 

the Saturn I Wet Workshop is estimated as a function of the 

unmanned storage time in orbit. Based on specification 

leak rates of the gaseous atmosphere, the pressure in the 

OWS drops from 5.0 psia to 0.5 psia in about 200 days; 

the pressure in the MDA, which is isolated from the OWS, 

drops from 5.0 psia to 2 x psia torr) in about 

60 days. 
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MEMORANDUM FOR FILE 

Fo l lowing  t h e  manned AAP-1/2 m i s s i o n ,  t h e  S a t u r n  I 
Wet Workshop i s  s t o r e d  i n  o r b i t  f o r  abou t  two months b e f o r e  
r e a c t i v a t i o n  by t h e  n e x t  AAP m i s s i o n .  Dur ing  t h e  q u i e s c e n t  
s t o r a g e  p e r i o d ,  t h e  atmosphere i n  t h e  p r e s s u r i z e d  volume leaks  
o u t  t o  s p a c e  and i s  n o t  r e p l e n i s h e d  r e s u l t i n g  i n  a loss o f  
p r e s s u r e .  To p l a n  f o r  p o s s i b l e  d e l e t e r i o u s  e f f e c t s  on t h e  
equipment  which i s  i n s t a l l e d  i n  t h e  Workshop, t h e  p r e s s u r e  
d e c r e a s e  i s  est imated as a f u n c t i o n  of s t o r a g e  t i m e .  

The S a t u r n  I Workshop i s  composed o f  t h r e e  modules:  
t h e  M u l t i p l e  Docking Adapter  ( M D A ) ,  t h e  A i r l o c k  Module ( A M ) ,  
and t h e  S-IVB. Dur ing  t h e  s t o r a g e  p e r i o d ,  t h e  SIWS i s  
d i v i d e d  i n t o  t h r e e  s e p a r a t e  volume e l e m e n t s  by t he  two c l o s e d  
h a t c h e s  i n  t h e  A i r l o c k  Module. The f i r s t  volume e lement  i s  
t h e  MDA and t h e  t o p  o f  t h e  AM, t h e  second i s  t h e  a i r l o c k  it- 
se l f  l o c a t e d  i n  t h e  middle of t h e  AM, and t h e  t h i r d  i s  the 
bo t tom of  t h e  AM p l u s  t h e  l i q u i d  hydrogen t a n k  o f  t h e  S-IVB 
( t h e  O r b i t a l  Workship [OWS]) which have been  c o n v e r t e d  t o  crew 
l i v i n g  s p a c e .  S i n c e  equipment i s  s t o r e d  i n  b o t h  t h e  OWS and 
t h e  MDA t h e  p r e s s u r e  l o s s  i n  them d u r i n g  o r b i t a l  s t o r a g e  i s  
c a l c u l a t e d .  

The f l o w  o f  gas from a p r e s s u r i z e d  v e s s e l  i n t o  a 
r e g i o n  o f  l ower  p r e s s u r e  v a r i e s  w i t h  t h e  p r e s s u r e  and t h e  s i z e  
o f  t h e  h o l e .  F o r  a h o l e  s i z e  l a r g e  compared w i t h  t h e  mean 
f r e e  p a t h  i n  t h e  g a s  and a l a r g e  p r e s s u r e  d i f f e r e n c e ,  t h e  
v e l o c i t y  o f  t h e  i s s u i n g  gas i s  l i m i t e d  by t h e  s p e e d  of  sound 
i n  t h e  g a s .  I n  t h i s  c a s e ,  t r e a t e d  by f l u i d  mechanics ,  t h e  mass 
f low t h r o u g h  a g i v e n  s i z e  h o l e  i s  p r o p o r t i o n a l  t o  t h e  ups t r eam 
( h i g h e r )  p r e s s u r e .  I f  t h e  h o l e  s i z e  i s  small  compared t o  a 
mean f r e e  p a t h ,  gas molecu le s  i s s u e  i n d e p e n d e n t l y  and k i n e t i c  
t h e o r y  of g a s e s  i s  a p p l i c a b l e .  

I n  t h e  c a s e  o f  e s t i m a t i n g  t h e  d e c r e a s e  i n  p r e s s u r e  
i n  t h e  OWS d u r i n g  o r b i t a l  s t o r a g e ,  r i g o r o u s  model ing  o f  t h e  
s i z e s  and s h a p e s  o f  t he  h o l e s  can  b e  avo ided  by u s i n g  t h e  
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established specificatio,n leak rate. 
the LH2 tank sealing devices requires that the total leakage 
from the LH2 tank, including hatch adapter, be limited to 
5 lbs mass per day when the workshop atmosphere is 100 percent 
oxygen at 6.2 psia, the maximum relief pressure. The 5 lbs/day 
corresponds to 0.43 x molecules/day leaking out. At 6.2 

The specification‘’) on 

psia, the 10,460 ft 3 habitable volume of the OWS plus the 
90 ft 3 of the connector and aft portion of the AM contain 

3.6 x molecules. Assuming a Naxwellian distribution of 
particles, the mean free path is 1.5 x em. The actual 
atmosphere in the SIWS is a mixture of oxygen and nitrogen, 
carbon dioxide and water vapor, and trace contaminants from 
outgassing materials in the spacecraft. However, for the 
purpose of estimating the pressure decrease, the total atmosphere 
is assumed to be oxygen. 

The mass flow and hence the change in the number of 
molecules, dn, in a unit time dt, under these conditions is 
proportional to the number present. 

The change in the number of molecules in a unit time 
dt, is then 

dn = -Anidt 

Integrating 
-At n = n e  i 0 

The constant A can be evaluated at t = c) from the known flow rate. 

26 

A = 1.2 x 10-2/day 

- -  dn - -Ano = -0.43 x 10 at t = o dt 

Thus 

n = n exp (-1.2 x t> i 0 

Noting that the instantaneous pressure Pi in the tank 
is proportional to the number of molecules present, ni 

- 
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where 

- 3 -  

- Po - initial pressure 
t = time in days 

The pressure P plotted as a function of time in i' 
days, is shown in Figure 1 for an initial pressure of 5.0 psia 
with a slope of the curve on the semi-log plot being 1.2 x 10m2/day. 
The pressure decreases from 5 psia, the nominal pressure in the 
ows, to 1 psia in about 130 days and reaches 0.5 psia in 
2 0 0  days. In the planned 60-day orbital storage period 
between the end of the A A P - 1 / 2  mission and the beginning of 
the A A P - 3 A  mission, the pressure will drop from 5 psia to 
about 2 psia. A t  a pressure of 0.5 psia the mean free path 
of the molecules has lengthened to 1.8 x cm, which is 
still likely to be either small compare6 to a hole size or 
of the same order. A t  lower pressures and longer mean free 
paths, a shift to kinetic theory will be needed to predict 
further pressure decrease. A s  the pressure becomes small, 
outgassing from the equipment in the OWS contributes to the 
local environment and must be considered in the pressure 
determination. 

The flow of the gaseous atmosphere from the MDA 
volume during orbital storage is substantially faster than 
from the OWS. A t  5.0 psia the total number of molecules in 
the 1508 ft 3 combined volume of the MDA, MDA/AM interface, 

26 STS, and forward section of the AM, is 4.1 x 10 molecules. 
The mean free path at 5.0 psia is 1.8 x em. The leak 
rate specification (2) for the IvIDA alone is 4 lbs/day at 5.0 psia 
and the Martin Marietta Corporation estimates that the leak 
rate f rom the combined volume is 6.77 lb~/day(~). 
leak rates correspond t o  0.34 x and 0.58 x molecules/day 
respectively. Following the same procedure shown for the 
case of the OWS, the pressure in the MDA combined volume using 
the 6.77 lbs/day leak rate is given by 

These 

'MDA = Po exp [-14.3 x 10-~t] 

where Po = 5.0 psia 
and t = time in days 
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T h i s  e q u a t i o n ,  p l o t t e d  a,s a f u n c t i o n  o f  t i m e  i n  d a y s ,  i s  
shown i n  F i g u r e  2 s t a r t i n g  w i t h  an i n i t i a l  p r e s s u r e  o f  
5 . 0  p s i a  ( 2 5 4  Torr). A l e a k  r a t e  o f  6 . 7 7  l b s / d a y  p roduces  
a t h r e e  o r d e r  o f  magni tude d e c r e a s e  i n  p r e s s u r e  i n  a b o u t  
50 days .  For  a p r e s s u r e  d e c r e a s e  by a f a c t o r  of  1 0 0 0 ,  t h e  

mean f r e e  p a t h  has i n c r e a s e d  to 1 .8  x cm; f u r t h e r  
p r e s s u r e  below t h i s  r e g i o n  d rop  must b e  e s t i m a t e d  from 
k i n e t i c  t h e o r y .  

From t h e  k i n e t i c  t h e o r y  o f  g a s e s  i t  can  b e  shown 
t h a t  t h e  p r e s s u r e  i n  a v e s s e l  which s l o w l y  leaks g a s  i s  g i v e n  by 

Av P = Po exp [-m t ]  

where 

A = area o f  the  h o l e  
v = a v e r a g e  v e l o c i t y  of t h e  g a s  molecu le s  
V = volume of  t h e  v e s s e l  

- 

The exponent  can  b e  e v a l u a t e d  u s i n g  t h e  MDA volume, 
t h e  a v e r a g e  g a s  v e l o c i t y  c o r r e s p o n d i n g  to 70°F p l u s  t h e  
e q u i v a l e n t  a r e a  of t h e  leak p a t h .  The exponent  w i l l  g i v e  t h e  
s l o p e  o f  t h e  p r e s s u r e  v e r s u s  t ime  c u r v e  b u t  t h e  e x a c t  s i z e s  
of  t h e  h o l e s  are  needed to de te rmine  t h e  r e g i o n  i n  which t h e  
s h i f t  f rom hydrodynamic f low to m o l e c u l a r  f l ow o c c u r s .  

To bound t h e  p r o b l e h t h e  d i a m e t e r  of  t h e  t o t a l  
e q u i v a l e n t  h o l e  which leaks t h e  a tmosphere  can  b e  o b t a i n e d  
from t h e  e q u a t i o n  of  mass f low through a n o z z l e  l i m i t e d  by t h e  
speed o f  sound a t  t h e  t h r o a t  (4) . 

k+ 1 
-27JGiJ- k-1 PoA* [l + 7 1  

where 

k = r a t i o  o f  t h e  s p e c i f i c  heats = 1 . 4  
R = gas c o n s t a n t  
To = gas  t e m p e r a t u r e  
P = t a n k  p r e s s u r e  
A* = area of  n o z z l e  t h r o a t  

0 
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S u b s t i t u t i n g  i n i t i a l  v a l u e s  o f  6 . 7 7  l b s / d a y  mass 
f l o w  r a t e  a t  7O0F, from a 5 . 0  p s i a  r e s e r v o i r  i n  t h i s  e q u a t i o n  
y i e l d s  a t h r o a t  s i z e  o f  2 . 4  x lom2 em . Thus t h e  t o t a l  mass 
f low i s  e q u i v a l e n t  t o  t h a t  from a s i n g l e  h o l e  a b o u t  0.175 cm 
i n  diameter. I f  t h e  s i n g l e  h o l e  i s  r e p l a c e d  by many smaller 
h o l e s ,  k e e p i n g  t h e  t o t a l  area c o n s t a n t ,  t h e  t o t a l  f l o w  rema ins  
c o n s t a n t *  b u t  t h e  t r a n s i t i o n  r e g i o n  between t h e  two f l o w  
reg imen i s  s h i f t e d .  Using t h e  area o f  t h e  h o l e  as 2 . 4  x 
t h e  exponent  f o r  t h e  p r e s s u r e  decay becomes 0.55/day.  Thus 
i n  t h e  low p r e s s u r e  r a n g e  the  p r e s s u r e  would b e  g i v e n  by 

2 

2 
em , 

P = Po exp i -0 .55  t j  

The p o i n t  a t  which t h i s  e q u a t i o n  becomes a p p l i c a b l e  
canno t  be de t e rmined  w i t h o u t  e x a c t  knowledge of  how t h e  t o t a l  
e q u i v a l e n t  h o l e  area i s  d i v i d e d  among t h e  many l eak  p a t h s .  
For  t h e  p u r p o s e s  of  comparison,  t h e  t o t a l  area i s  a p p o r t i o n e d  
among 1 0  , l o 3 ,  lo4, h o l e s  which l e a d s  to h o l e  diameters o f  
1 . 7 5  x ern, 5 .54  x cm, and 1 . 7 5  x em r e s p e c t i v e l y .  
When t h e  mean f r ee  p a t h  i n  t h e  g a s  i s  of  t h e  same o r d e r  o f  t hese  
s i z e  h o l e s  t h e n  t h e  e q u a t i o n  f o r  k i n e t i c  t h e o r y  i s  a p p l i c a b l e .  
Shown on F i g u r e  2 i s  t h e  e f f e c t  o f  these th ree  p o s s i b l e  
d i s t r i b u t i o n  o f  h o l e  a r e a s .  It i s  s e e n  t h a t  t h e  p r e s s u r e  w i l l  

' have  dropped  to t h e  t o r r  r ange  i n  f rom 50 to 75 days  
depend ing  on t h e  number o f  l eak  p a t h s .  Below t h i s  p r e s s u r e ,  
o u t g a s s i n g  from t h e  mater ia ls  s t o r e d  i n  t h e  MDA may l i m i t  
t h e  r a t e  o f  f u r t h e r  p r e s s u r e  d e c r e a s e .  The f i n a l  p r e s s u r e  
l i m i t  i n  t h e  MDA i s  t h e  ambient  e x t e r n a l  p r e s s u r e ,  which a t  
200 n m  i s  abou t  4 x t o r r .  

2 

It s h o u l d  b e  n o t e d  t h a t  i n  t h e  h i g h  p r e s s u r e  r e g i o n  
t h e  f low r a t e  and hence  p r e s s u r e  d e c r e a s e  i s  l i m i t e d  b y  the 
speed o f  sound a t  t h e  e x i t  o r i f i c e .  I f  t h i s  p h y s i c a l  l i m i t a t i o n  
d i d  n o t  o c c u r ,  t h e n  t h e  f low r a t e  and p r e s s u r e  d e c r e a s e  would 
be  d e r i v e d  from k i n e t i c  flow. A s  t h e  nuinber of  molecu le s  i n  
t h e  t a n k  decreases t h e  c o n d i t i o n s  f o r  s o n i c  f low are no l o n g e r  
p resent  and t h e  f l o w  and c o r r e s p o n d i n g  p r e s s u r e  d e c r e a s e  
approaches  t h e  f r e e  m o l e c u l a r  v a l u e .  The es t imated  t r a n s i t i o n  
r e g i o n  between these  two models i s  shown as d o t t e d  l i n e s  on 
F i g u r e  2 .  

* T h i s  n e g l e c t s  v i s c o u s  e f f e c t s  a t  t h e  h o l e  boundary 
which may modify t h e  f low and somewhat change t h e  f low r a t e .  
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Conc lus ions  

Assuming t h a t  t h e  OWS leaks i t s  0 2 / N 2  a tmosphere  a t  
t h e  s p e c i f i c a t i o n  l e a k  r a t e  o f  5 l b s / d a y  d u r i n g  unmanned 
o r b i t a l  s t o r a g e ,  t h e  p r e s s u r e  w i l l  decay from 5 p s i a  t o  0 . 5  p s i a  
i n  abou t  200  d a y s .  I n  t h e  con templa t ed  s t o r a g e  p e r i o d  o f  
60 d a y s ,  t h e  p r e s s u r e  w i l l  d e c r e a s e  t o  abou t  2 . 5  p s i a .  
Equipment t h a t  i s  o p e r a t e d  i n  t h e  OWS a t  5 ps ia  s h o u l d  n o t  
s u f f e r  any d e l e t e r i o u s  e f f e c t s  when t h e  p r e s s u r e  i s  c u t  i n  h a l f .  

The MDA, l e a k i n g  atmosphere a t  6 .77  l b s / d a y ,  
e x p e r i e n c e s  a p r e s s u r e  r e d u c t i o n  fi-oiii -5 psis to 0.05  p s i a  i n  
a b o u t  20 d a y s .  F o r  l o n g e r  s t o r a g e  p e r i o d s ,  f u r t h e r  p r e s s u r e  
d e c r e a s e  can  on ly  b e  e s t i m a t e d  s i n c e  t h e  number and  s i z e s  
of t h e  l eak  p a t h s  are  unknown. A s  a bound on t h e  problem, t h e  
p r e s s u r e  i n  t h e  MDA a f t e r  about  60 days  o f  o r b i t a l  s t o r a g e  
can  be  e x p e c t e d  t o  b e  i n  t he  torr ( 2 x ps ia )  r a n g e .  
Thus equipment t h a t  i s  schedu led  t o  b e  l o c a t e d  i n  t h e  MDA- 
c iur ing o r b i t a l  s t o r a g e  s h o u l d  be  b u i l t  t o  w i t h s t a n d  low p r e s s u r e .  

LI__ 

7- C y  I w Q A  i-, 
1024-TCT-nr T. C .  Tweedie, Jr. 

Attachments  
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